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explains how the 
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ideas of 
variation and 
expectation 
underpin our 
teaching of 
chance and 
data. 


T he fortunes of chance and data 
have fluctuated in the mathematics 
curriculum in Australia since their 
emergence in the National Statement 
(Australian Education Council [AEC], 1991) 
in the early 1990s. Their appearance in 
Australia followed closely on similar moves 
in the United States (National Council of 
Teachers of Mathematics [NCTM], 1989). In 
both countries the topics, taken together, 
were given a section status equal to other 
areas of the mathematics curriculum, such 
as space or algebra. In Australia this was 
reflected in the state curricula of many 
states (e.g., Department of Education and 
the Arts [DEA], 1993; Curriculum Council, 
1998) but not all (e.g., Board of Studies 
NSW, 1989). In recent years chance and 
data have held their place in the United 
States (NCTM, 2000) but in some places in 
Australia have been diluted by being 
merged with other parts of the curriculum, 
for example both chance and data with 
measurement (e.g., Victoria Curriculum 
and Assessment Authority, 2005) or chance 
with number (Board of Studies NSW, 
2002). As discussions proceed on national 
consistency across the state mathematics 
curricula in Australia, the place of chance 


and data appears to be in further 
jeopardy. Whether this is due 
perhaps to a lack of appreciation 
of the need for statistical literacy 
skills in all students who leave 
school (see e.g., Rubin, 2005) or 
perhaps to a traditional concern to 
cater for the elite mathematics 
talent who will study mathematics 
at university, is beyond the scope 
of this article to consider. 

If chance and data are to 
survive and flourish, however, it is 
essential to elaborate the under- 
pinning foundations that give 
them identity that goes beyond 
frivolous activity. Looking behind 
the activities involving throwing 
dice and recording outcomes or 
surveying students in the school 
to see if they want shorter school 
days, curriculum statements are 
usually based on the steps in a 
typical statistical investigation. 
These steps include data collec- 
tion, data representation (e.g., 
production of tables or graphs), 
data reduction (e.g., finding 
means or ranges), and drawing 
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Figure 1. Graphs for height of an individual student [1], a “Grade 6” class [2], and a “Grade 3” class [31. 


inferences, supplemented by theoretical and 
frequency approaches to chance (e.g., AEC, 
1991; DEA, 1993). This structure is useful in 
planning, but often it is not practical to 
include all aspects in a single lesson or even 
series of lessons. 

Moving one step further back from the 
investigation structure there are two under- 
pinning central ideas for everything that 
occurs in relation to chance and data. The 
most fundamental idea is that of variation. 
Without variation not only would the world 
be a very dull place but also there would be 
no need for statistics. Variation is the raison 
d’etre for statistics. Variation in people’s feet 
means that shoe manufacturers have to make 
different sizes of shoes and hence have a 
great interest in knowing the distribution of 
sizes across ages in the population. Variation 
in the outcomes when two coins are tossed 
simultaneously and note taken of heads and 
tails, provides interest for punters and income 
for casinos that offer the game of “two-up” to 
their customers. 

Variation occurs for different reasons in 
different mathematical contexts. In a meas- 
urement situation, for example measuring the 
height of a student, variation may occur due 
to measurement error. If every child in a class 
independently measured the height of a 
single person, not all of the values would be 


the same. The person’s height would not change but 
there would be variation in the values obtained. This 
variation is usually called measurement error and the 
assumption is made that the true height of the person 
is somehow approximated by these values. 

Continuing with the height example, the context 
might be extended to include the measurement of the 
heights of all students in a class. Variation in this case 
would be associated with the different growth rates of 
the different students. The variation of heights of all 
students within a class would be greater than the vari- 
ation in the heights measured for an individual student. 

One step further it would be possible to measure 
the heights of all students in a Grade 3 class and all 
students in a Grade 6 class. As well as talking about the 
variation of heights within each class, it would be 
possible to discuss the variation in heights between the 
two classes. One could imagine that the variation 
between classes would be greater than in the previous 
two contexts. 

Imagining graphs for the three contexts is a useful way 
to characterise the issues of variation. Figure 1 shows 
some hypothetical data illustrating the variation present in 
the three cases. In this form students can discuss and 
describe differences and variation in data sets. 

Usually when variation is encountered it gives rise 
to (or is associated with) an expectation. In the first 
height case, what is the actual or expected height of 
the person measured? In the second case, what is the 
typical or expected height of the class? In the third 
case, the question might be, is there a difference in the 
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typical or expected heights of the two grades; or 
indeed is there a difference in the variation 
(spread) in heights of the two classes? In contexts 
such as these traditionally the arithmetic mean has 
been used to represent the expected value. As the 
mean is usually accessible by Grade 5 or 6, it is 
possible for students to base discussions on 
graphical representations including means and 
draw informal inferences about “the height of the 
single person measured,” “the typical height in the 
class,” or “the difference in typical height between 
two different classes.” 

Intuitively variation is “everywhere” in all data 
handling contexts: in sampling, in graphs, in 
different sample means, in chance events; and it 
even should be noted when conclusions are 
drawn. Expectation, on the other hand, can be 
more difficult to describe across contexts. 
Expectation may arise from a data-collecting situ- 
ation, for example the expected height of a 
student discussed earlier. In a chance context, 
however, expectation may be the starting point; 
for example when tossing a coin many times there 
is likely to be the initial expectation that half of 
the outcomes will be heads and half tails. From 
the point of view of the accepted formal study of 
statistics, however, expectation is usually quanti- 
fied as an arithmetic mean or proportion, whereas 
variation is usually quantified as the standard devi- 
ation. Because the mean is easier to calculate than 
the standard deviation, it has filtered further down 
in the school curriculum. Although it is not clear 
that firm ideas associated with expectation have 
accompanied the mean (Mokros & Russell, 1995), 
informal observation suggests that the importance 
of variation has been overlooked due to the lack 
of a “statistic” to calculate or measure it (see e.g., 
AEC, 1991; 1994). 

Research on school students’ intuitive under- 
standings of aspects of the chance and data 
curriculum, however, suggests that variation is an 
idea absorbed much earlier than the idea of 
expectation (Watson, 2005). When asked in the 
context of a graph of how children come to 
school, whether the graph will look the same 
everyday, almost all students (even 6-year-olds) 


say that it will not and can give contextual reasons 
as to why, for example children being ill or the 
weather changing. Similarly when interviewed in a 
context of drawing 10 lollies from a container with 
50 red, 30 green and 20 yellow lollies, young chil- 
dren readily suggest that there will not be the 
same number of red each time 10 lollies are drawn 
out. When initially asked how many reds they 
would expect to get, however, young children are 
more likely to choose their favourite numbers than 
five, reflecting the relative number of reds in the 
container. In most contexts, recognising the exis- 
tence of variation is more straightforward than 
recognising the expectation that is at the heart of 
the variation. This is not to say that the variation 
described by young students would satisfy a stat- 
istician in terms of potential distributions of data; 
often students suggest ranges for variation that are 
unrealistically large. In relation to the two ideas 
and their relationship to each other and the 
process of a statistical investigation, it would 
appear that understanding develops in the 
following fashion, based initially on intuition and 
later influenced by the school curriculum: 

• intuition about variation 

• intuition about expectation 

• measures of expectation (e.g., means and 
probabilities) 

• measures of variation 
(e.g., standard deviation) 

The importance of variation for everything that 
comes after (e.g., there is no point in talking about 
expectation if there is no variation) means that all 
activities from the beginning of work with chance 
and data need to emphasise variation in data sets. 

Questions such as the following begin early. 

• Although apples are the most popular fruit 
in our class, how many different fruits do 
we like? Would this change at different times 
of the year? Do you think it would be 
different if we lived in a different part of the 
country? 

• When all of the class spun their half black- 
half white spinners 10 times, why did the 
results vary? Why would getting 10 blacks 
surprise you? [Or] How could you explain 
Jake’s result when he got 10 blacks? 
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• In a graph of daily maximum temperatures 
throughout the year, plotted against time, 
what is interesting across the year? Are there 
any trends you can explain? Why is the 
graph not “smoother”? Would the graph 
look the same/similar every year? Why or 
why not? 

The point of collecting data or conducting trials 
is not just to create a graph or to “prove” that a 
certain proportion of heads occur. All of the way 
through a statistical investigation issues of varia- 
tion and expectation underlie the procedures 
followed and the decisions taken. In the final 
inferential step it is the balance of expectation and 
variation that influences the decision made. It also 
influences the confidence with which that deci- 
sion is reported. The variation in outcomes from 
spinning spinners may be so great that an expec- 
tation of fair trials having taken place has to be 
rejected. Or the variation between the heights of 
Grade 3 and Grade 6 classes is so large compared 
to the variation within the classes that it is 
concluded that indeed Grade 6 students are taller. 

Whatever techniques are used in statistical 
investigations, their purposes are to display, 
summarise, or compare variation and expectation. 
As Australia potentially moves to a nationally- 
based curriculum, the statistical component needs 
to acknowledge explicitly these two underlying 
features as a foundation not only for students who 
will go on to study statistics at the senior 
secondary and tertiary levels but also for all 
students who will take part in decision-making or 
questioning of decisions in social settings. To 
understand that a single person presented in a 
media report as “typical” of a social problem is 
only a sample-of-size-one, displaying no variation, 
is important in questioning or criticising claims 
made. To understand that odds express expecta- 
tion only, not associated potential variation in 
outcomes, is also important for the punter. 

To diminish the importance of chance and data 
in the curriculum or to imply that the thinking 
involved is not as sophisticated as that associated 
with algebraic reasoning, is to do irreparable 
damage to students who will be tomorrow’s citi- 
zens of Australia. 
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